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InTRodUCTIon
Major incidents involving United Kingdom (UK) passenger ships and resulting in deaths of crew members and passengers are now rare. When they occur, as with the Herald of Free Enterprise in 1987, they are a cause of great public concern. The loss of R.M.S. Titanic in 1912 was a major international news story at the time and remains a source of fascination to this day. This investigation will look in more depth at UK passenger ship incidents resulting in deaths since 1900. Fortunately, there have been none since 2000, but this is in part a consequence of the modest decline in the number of passenger ships registered in the UK as well as improvements in ship design and aids to navigation.
Case notes on all UK passenger ships involved in incidents that led to deaths among crew and/or passengers have been collated. These indicate that, in peacetime, the main causes of such incidents are foundering (including capsize and disappearance), wrecking and stranding, collisions and fires or explosions. The toll of casualties from these causes is examined and time trends evaluated.
The war years 1915-1918 and 1939-1945 are excluded from this analysis because of the very different pattern of ship loss during these periods. However, at least one major incident after 1945 has been attributed to uncleared mines and one to terrorist action.
Four study periods have been used: 1910-1914, 1919-1939, 1946-1969, 1970-1999 . The first two have been selected to cover peacetime before the first war and then the inter-war years. The break at 1970 enables the last years when ships dominated passenger transport to be separated from the more recent period when relatively few people used sea transport as a necessity, beyond short sea ferry routes, and the majority of passengers were aboard cruise ships.
This study analyses a long run of data collected in a systematic way about a single country's fleet. Thus it bridges the gap between reports on individual incidents, popular texts about passenger ship disasters and a number of more rigorous investigations of risks to life aboard passenger ships that have been published in this century. Insights from these sources will be reviewed in the discussion section of this article. The authors have published two previous studies on other maritime sectors and time periods that use similar search strategies and analyses [1, 2] .
MATERIAlS And METhodS
A database of major passenger ship incidents resulting in fatalities was created as a sub-file of a wide collection of information on such incidents in all maritime sectors. The records relate to vessels designated as seagoing passenger ships registered in the UK. Coastal passenger ships and commercial river craft are excluded. The sources of information used were firstly reports from marine accident investigations, conducted by the Marine Accident Investigation Branch since 1989 and in previous years variously by the Board of Trade, the Ministry of Transport, the Department of Trade and Industry etc. [3] . Other information sources used were annual Lloyd's Register quarterly and annual casualty reports and data [4, 5] , Lloyd's Maritime Information Services casualty information [6] . Extensive searches of the British Newspapers Archive [7] , Welsh Newspapers Online [8] , the wrecksite.eu website [9] , and the Ships Nostalgia website [10], death enquiry and death registration files held at the Registry of Shipping and Seamen and various other searches.
A total of 90 incidents were identified in the study period. The following information was obtained from the information sources; the date of the incident, the ship name, ship type, its gross tonnage and age. The following information was sought on the fatal incident: crew and passenger numbers lost, nature and circumstances of incident, location, routing, type of cargo, weather conditions, numbers of passengers and crew saved. Not all of this information was available for every incident. Figure 1 shows total fatalities (passengers and crew) by year. It can be seen that the pattern is erratic as some years are dominated by a single major incident, while for others there were no reported events. Predictably large numbers of both passenger and crew deaths occur in years when a major incident(s) has occurred. A long run reduction in incidents and fatalities can be seen. The reasons for this will be discussed later after an analysis of the causes of incidents and their consequences. Table 1 summarises information on incidents by time period and primary cause, as reported. A major decline in the frequency of events can be seen between the 1900-1914 period and 1919-1939. Fires and explosions featured in a greater proportion of events in the periods after 1919, while collisions, wrecks/strandings and founderings all became rare after 1946. This may be a consequence of improvements in navigational aids with the widespread use of radar and location beacons.
RESUlTS
Adverse weather conditions were recorded in 34 of the incidents that did not involve fires or explosions, although weather conditions could not be established from the information sources in a few cases. Fog was particularly linked to collisions and close to shore wrecks and strandings. Storms or gales were commonly linked to founderings.
Fires and explosions resulted in 174 crew deaths, and at least 408 passenger fatalities. Since 1946 few of these incidents have led to passenger fatalities as they arose mainly in engine rooms and other crew spaces and were contained without impairing the seaworthiness of the ship (Table 2) . Deaths per year 7 6 Foundering and collisions caused the largest number of fatalities. The number of survivors after an incident varies greatly, but is not always reliably recorded. (Fig. 2) .
dISCUSSIon
Like any other case series collected over a long period, there will be underlying trends that are not included in the data set, but which influence the findings. The British merchant marine and especially passenger shipping changed greatly over the 20 th century. Between 1900 and 1914 the UK fleet was dominant in world trade, including passenger transport. Between 1919 and 1939 this dominance declined, but passenger liners owned and crewed in UK provided a large proportion of services worldwide. Passenger shipping on major routes became increasingly separated from freight transport. In the years 1946-1969 there was a decline in the tonnage of passenger shipping, especially towards the end of the period when aircraft became the main means of intercontinental passenger transport. After 1970, UK shipping continued to provide ferry services and most deep sea passenger ships moved to the leisure market of cruising. Some of the reductions in incidents and fatalities is likely to be a consequence of these changes.
The greatest decline in fatalities took place between the period 1900-1914 and 1919-1939 . This cannot be explained by changes in passenger transport as this came later. The reforms in passenger ship safety that followed the loss of Titanic, such as increases in the number of lifeboats and rafts may have increased the proportion of survivors, in addition to progressive improvements in ship design. Maritime radio communications became widely available and this may have contributed both by the provision of weather forecasting and by improving ship to ship communications, thus reducing collision risks and hastening the response to any serious incident on board. The introduction of radar and other electronic navigation aids from the 1940s onwards almost certainly contributed to improvements in safety during this period.
Systematic studies of world passenger shipping risks or of those in national fleets for the twentieth century are rare. This is different from the nineteenth century, at least in the UK, where state enquiries into loss of life at sea were regularly undertaken because of public and political concern about crew and passenger deaths [11] . There are a number of publications that describe some of the more sensational ship losses but do not routinely include detailed information on fatalities [12] [13] [14] . Major disasters are, however, the subject of detailed individual reports commissioned by governments or within the maritime sector. Figure 2 (cont.). Photographs of United Kingdom passenger ships that were lost or had fatal (> 6 crew or passenger fatalities) ship accidents, ordered chronologically (with year of casualty and gross tonnage in brackets)
Watson [12] provides some summary information on the international passenger ship losses that he describes for the period 1900-1986, his is a selective list of the largest vessels lost, not all of which result in fatalities. Notable findings are the high proportion of losses that are to UK ships, 68 out of his total of 199, with the next countries being France at 23 and Italy at 17. This reflects the relative size of the three countries' passenger fleets in this period [15] . The trend information he presents broadly aligns with our study, but uses different time periods.
One of the notable features of our casualty data is the predominance of a few major incidents as the major causes of loss of life during each of the periods studied. The effect of this on the frequency of fatalities can be seen in Figure 1 . Such major incidents have featured prominently in the public perceptions of risk at sea and have continued to do so following more recent incidents affecting ships of other flags such as the foundering of the Estonian Ro-Ro ferry Estonia during a crossing of the Baltic Sea in 1994, which led to over 800 deaths. The grounding of the cruise ship Costa Concordia in 2012, with 32 deaths led to even greater public interest as it was visible to all, had overtones of navigational failure and affected the sort of cruise liner that many people had holidayed on.
While there have been no major disasters involving UK passenger ships over the last 30 years, other major casu-Tim Carter et al., Crew and passenger deaths from vessel accidents in United Kingdom passenger ships since 1900 alties with heavy loss of life have continued in the world passenger fleet [4, 5, 7] . These also include the Greek ferry Express Samina which struck a rock off To cover the long time period studied we have used the standard classification of maritime disasters that has long been used by Lloyds Register [4] . This attempts to define a single, usually proximate, cause for an incident. In recent years there has been a growing literature that has looked in more detail at risk assessment and risk management of vessels, including those carrying passengers [16] [17] [18] . Such analysis has the potential to provide more detailed insights about causation, in particular the contributions of human factors [19, 20] , and technical aspects of ship design [21] . Risk management and risk mitigation are usually analysed separately, with a particular focus on passenger evacuation procedures as a major contributor to survival after an incident [22] . A number of recent publications use historic data as the basis for predictive models and these can be a valuable source of more detailed information on incidents and on the realities of risk management and mitigation in passenger shipping [23] [24] [25] .
Maritime incidents are only one contributor to death and morbidity in passenger shipping [25, 27] . Both passengers and crew members can sustain injuries and, in the case of crew these are frequently work-related [28] [29] [30] . Both groups can develop illness while at sea. Such risks can be reduced by good safety practices, fitness criteria for crewmembers and sometimes for passengers and the provision of facilities for medical care on board. There is conflicting evidence about changes in the relative importance of major incidents, occupational and other accidents and illness to deaths and morbidity at sea [31] .
Passenger travel by sea has become far safer than it was in 1900. It is not, however, possible to analyse the causation of incidents in the same detail for most historic events as can be done in the immediate aftermath of major incidents, although this has been attempted for some of the best documented major incidents, for instance by comparing the loss of RMS Titanic with that of Costa Concordia [32, 33] .
Because of their drama, visibility and issues such as liability and potential for multiple fatalities among passengers, it is the major incidents that have commanded most attention and concern. This has not abated, despite the long term reductions in risk. As the numbers of passengers and crewmembers on a single vessel increases so does the worst case scenario of total loss with few or no survivors. The very low probability of such an incident does little to downgrade the levels of concern and even sensationalism.
The expectations of travellers have more than kept pace with improvements in safety, as well as being influenced by comparisons of the safety cultures and their effects on risk in different modes of passenger transport, such as rail, road and air. The change from shipping as a necessity, because it was the sole means of intercontinental travel, to a luxury as a capital intensive part of the leisure sector has also influenced attitudes and led to new approaches to risk assessment and mitigation.
The relative level of concern about passenger risk compared with that of crewmembers has been one of the drivers for higher standards in passenger shipping than in cargo transport [34] [35] [36] . It does have to be remembered that passenger and crew fatalities correlate with each other [37] . Some 30% of fatalities throughout the period studied have been in crew members and, given their greater exposure to risk of personal accidents as well as accidents to their ship throughout the whole of their careers, rather than just when on an occasional voyage, their lifetime risk remains far higher than the passengers they transport, even if it has a lower public and political profile.
